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Legislated European Stationary Cycle (ESC)
The ESC is a steady state procedure having 
13-mode used for heavy-duty diesel engines
[2].
Legislated real world (transient) driving cycle
 The European Transient Cycle (ETC) is used for 
truck and bus engines.
 The Non Road Transient Cycle (NRTC) is used 
for mobile nonroad engines.
 The World Harmonized Transient Cycle (WHTC) 
is used for heavy-duty engines.
 The Federal Test Procedure (FTP) is used for 
heavy duty truck and bus engines. 
[2].
Health effect
 Inhalation of ultra fine particles can cause to 
cardiopulmonary dysfunction.
[3].
 Elemental carbon ultrafine particles inhalation alters 
heart rate and heart rate variability.
[4].
Algae – A third-generation biofuel
Potential microalgae species for biofuels
1. Amphidinium sp.
2. Biddulphia sp.
3. Phaeodactylum tricornutum
4. Picochlorum sp.
5. Nannochloropsis oculata
6. Extubocellulus sp. [5].
7. Scenedesmus dimorphus
8. Franceia sp.
9. Mesotaenium sp.
Benefits from algal biofuel
 Fuel properties are close to those of diesel.
 Suitable for diesel engine without engine 
modification.
 Can be blended with diesel at any percentages.
 Microalgal biodiesel produces less THC 
emissions.
[6].
Triacetin, a higher oxygen content glycerol derivative
could be another environment-friendly biofuel for
future generation
 Contain 44% oxygen by wt.
 Miscible with diesel up to certain percentage.
 Miscible with biodiesel.
 Expect to reduce both PM and PN emissions as
oxygenated fuels reduce PM and PN.
BERF PM measuring instrument
DMS 500
Measuring range: 5 nm-2.5 m
Particles: both solid and liquid
Time response : 10 Hz data
[7].
Typical data of torque vs mode for ESC Effect of fuel oxygen on PM emission under a
non-legislated quasi-steady state
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 Exploration of environment-friendly biofuels and investigation their impacts on diesel emissions.
 Opportunities and challenges for adoption of bio-fuels under steady-state and transient test cycles. 
 Target to utilise biofuels in vehicles from 5.75% to 10% within 2020 [1].
